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2, 3 
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ABSTRACT 
Following a request from the European Commission, the Panel on Plant Protection Products and their 
Residues (PPR) was asked to deliver a scientific opinion on the report of the FOCUS groundwater 
working group (FOCUS, 2009) with respect to the higher tier leaching assessments. The PPR Panel is 
of the general opinion that, as suggested in the FOCUS report, substance parameter refinement can be 
applied in risk assessment. State of the art knowledge has developed to such an extent that scenario 
refinement is feasible as well, but will make assessment more complex unless embedded in basic tools 
and adequate guidance. The same is true for spatial modelling but establishment of adequate databases 
will require quite some effort. The Panel considers current  knowledge on groundwater hydrology 
insufficient for implementation of monitoring as the highest tier of the assessment at the European 
level. The implementation of scenario refinement and spatial modelling requires clear criteria on the 
extent of arable surface areas with estimated leaching rates below the threshold level. 
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SUMMARY 
The EFSA mandate for this Opinion concerning the FOCUS (2009) groundwater scenarios report (the 
Report) requested whether: 
  The recommendations are consistent with the state of the art of science in this field for the tiered 
approaches and higher tier assessments. 
  The proposed procedures for including higher tier experimental results in the assessment procedure 
are scientifically robust and consistent with a tiered approach. 
  The report is presented in a way that facilitates communication of the methodology for exposure 
assessment of groundwater. 
The  Report  puts  current  risk  assessment  practices  into  a  scheme  of  a  tiered  approach.  Detailed 
conclusions on each Tier are given in chapter 2.  
The PPR Panel observes that the Report is consistent with the state of the art of science at that time. 
The proposed procedure is consistent with the principles of a tiered approach, but has not been tested 
in great detail. It is therefore possible that assessments according to a higher tier may prove to be more 
conservative than lower tiers.   
Since finalising the Report, spatial databases have become available which enable development of 
more specific scenarios and spatially distributed approaches. Introduction of refined scenarios and 
spatial  modelling  in  the  leaching  risk  assessment  may  however  lead  to  disharmonisation  of  the 
assessment  because  a  large  number  of  implementation  decisions  have  to  be  taken.  A  centralised 
development of such approaches (supervised by or on behalf of the Commission or EFSA) would 
reduce variability and improve the acceptability of the results of the higher tier assessments. 
The PPR Panel is of the opinion that current knowledge on groundwater hydrology at the European 
level is insufficient as a basis for authorisation decisions. Tier 4 is therefore not recommended to 
demonstrate safe use at the EU level.   
The PPR Panel recommends that: 
  Risk managers set spatial and temporal criteria such that it becomes clear to both notifiers and 
risk assessors when safe use is demonstrated. 
  Preferential flow is taken into account when updating the procedures. Recently knowledge and 
databases  have  become  available  to  take  account  of  preferential  flow  in  the  leaching 
assessment. Changes in agricultural management as well as changes in climatic conditions in 
course of time may affect the accuracy of leaching estimates. These changes should be taken 
into account when updating the procedures.  
  Establishment of spatially distributed models like the tools for Tier 1, in order to avoid ad hoc 
implementation decisions.  
   Assessing leaching of PPP after application to soil-bound greenhouse crops according to the 
specific guidance in preparation by EFSA (EFSA, 2013). 
   The proposed four tier scheme is revised to a five tier scheme as different aspects are not 
considered to be at the same level. When applying the higher tiers, i.e. Tier 2 and Tier 3, the 
risk assessment becomes more complex. It is therefore recommended to establish training 
programmes  to  make  notifiers  as  well  as  risk  assessors  more  familiar  with the  proposed FOCUS groundwater: Assessment of Higher Tiers 
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procedures. Furthermore, it will be helpful to provide more detailed guidance and examples 
as well as basic tools such that individual and ad hoc decisions are kept to a minimum.FOCUS groundwater: Assessment of Higher Tiers 
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BACKGROUND AS PROVIDED BY THE EUROPEAN COMMISSION (DG SANCO) 
The FOCUS Steering Committee, established under DG SANCO of the Commission, identified the 
need to update guidance on leaching of plant protection products. A working group was established to 
review  potential  approaches  for  calculating  leaching  concentrations  for  EU-dossiers  for  plant 
protection products. As for other FOCUS groups it was formed by members coming from the MS 
regulatory authorities, academia and the industry. 
The remit of this group covered the following four areas:  
a)  Develop a sequence of tiers to assess the risk for leaching to groundwater in the EU, considering 
results from different study types (including recommendations for national approaches). 
b) Provide a revised set of scenarios and leaching models. This task included the re-evaluation of the 
Porto and Piacenza scenarios, and harmonisation of the dispersion length and water balance among 
the models. 
c)  Develop guidance on the principles for higher tier leaching modelling approaches considering GIS 
based  approaches,  the  combination  of  modelling  approaches  with  experimental  studies,  and 
inclusion of relevant processes that have been ignored so far. 
d) Provide a preliminary assessment of possibilities for scenarios for new member states. 
In  June  2009,  the  FOCUS  groundwater  work  group  presented  the  final  document  (SANCO 
/13144/2010 version 1), hereafter referred to as the “Report”, containing its main conclusions and 
proposals. 
The intention of the Commission and Member States is that the exposure assessments as outlined in 
the Report should be the guidance that is used to address the data requirements 7.2.2 (annex II) and 9.3 
(annex III) of Directive 91/414/EEC as laid out in Directive 95/36/EC (the current data requirements).
4 
Although the guidance document has been adopted for use in the current procedure of risk assessment 
of pesticide active substances, an independent Opinion of the PPR Panel is considered necessary. 
 
TERMS OF REFERENCE AS PROVIDED BY THE EUROPEAN COMMISSION (DG SANCO) 
EFSA, and in particular its Scientific Panel on Plant Protection Products and their Residues (PPR 
Panel), is asked by the Commission (DG SANCO) for two separate opinions on the final report of the 
FOCUS Groundwater working group “Assessing potential for movement of active substances and 
their metabolites to groundwater in the EU (FOCUS 2009). 
For this Opinion it is requested whether: 
  The recommendations are consistent with the state of the art of science in this field for the 
tiered approaches and higher tier assessments. 
  The  proposed  procedures  for  including  higher  tier  experimental  results  in  the  assessment 
procedure are scientifically robust and consistent with a tiered approach. 
  The  report  is  presented  in  a  way  that  facilitates  communication  of  the  methodology  for 
exposure assessment of groundwater. 
                                                       
4Superseded by Article 8.4 of  (EC) Regulation 1107/2009 and (EC) Regulations 283/2013 and 284/2013 FOCUS groundwater: Assessment of Higher Tiers 
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ASSESSMENT 
 
1.  Introduction to the evaluation of the Report 
Objectives 
The FOCUS report „Assessing Potential for Movement of Active Substances and their Metabolites to 
Ground Water in the EU‟ (FOCUS, 2009), in the following referred to as the Report, describes so-
called  higher  tier  options  for  use  in  leaching  assessments.  This  Opinion  evaluates  whether  these 
options can be used in the leaching assessment at the EU level. The specific objectives are listed in the 
Terms of Reference.  
Protection Goal 
As stated in the first EFSA Opinion on the Report (EFSA PPR Panel, 2013), a specific protection goal 
has to be defined in order to be able to assess the risk assessment methodology. It was assumed there 
that the specific protection goal is „safeguarding the drinking water function of the groundwater‟. This 
assumption is also the basis for this Opinion.   
Reading guidance  
This Opinion addresses most of the higher tier options, as suggested in chapter 2 of the Report, each 
tier in a separate paragraph. Parameter refinement, relevant for both Tier 2 and Tier 3, is discussed in 
section  2.1  However,  parameter  refinement  as  a  result  of  taking  aged  sorption  into  account  is 
addressed only to a very limited extent. Aged sorption refers to the often observed apparent increase of 
the sorption constant with time. This parameter refinement option will be discussed in a dedicated 
EFSA Opinion, foreseen in the near future.  
Some general issues regarding the outlined approach for leaching risk assessment are discussed in 
chapter 3. Major issues here are preferential flow (the by-passing of the active top soil by water and 
dissolved  substances),  changes  in  soil  properties  (as  a  result  of  e.g.  adopting  new  soil  and  crop 
management techniques) and potential effects resulting from change in climatic conditions. 
Some overall conclusions and recommendations are given in the final chapter.  
2.  Assessment of the proposed tiered approach 
The FOCUS GW report of 2009 (the Report) introduces a tiered approach (Figure 1) into the risk 
assessment  concerning  leaching  to  groundwater.  The  first  tier  covers  the  elementary  leaching 
assessment,  in  which  substance  parameters  obtained  from  standard  laboratory  tests  are  used  in 
combination with fully defined scenarios and leaching models to obtain estimates of the leaching 
amounts and resulting concentrations in the groundwater (the 80
th percentile of the annual average 
concentrations in the leachate at the depth of 1 m below soil surface). This first tier covers a major part 
of  risk  assessments  performed  up  till  now,  including  the  approach  laid  down  in  earlier  FOCUS 
guidance (FOCUS, 2000). The first tier was discussed in detail in an earlier Opinion (EFSA PPR 
Panel, 2013). The higher tiers allow for refinement of parameters and/or scenarios, spatial modelling, 
higher tier leaching experiments and monitoring. The inclusion of the higher tiers therefore offers 
more possibilities to demonstrate that there is a safe use of the PPP in a large agricultural area in 
Europe.  
Tiered  approaches  are  the  basis  for  environmental  risk  assessment  schemes  that  support  the 
registration of PPPs under the EU Regulation 1107/2009 (see e.g. Boesten et al., 2007; EFSA, 2010). 
A tier is defined as a complete effect or exposure assessment resulting in an appropriate assessment 
endpoint,  e.g.  a  PEC  (Predicted  Environmental  Concentration)  or  a  RAC  (Regulatory  Acceptable 
Concentration). The concept of tiered approaches is to start with a simple but conservative assessment FOCUS groundwater: Assessment of Higher Tiers 
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and only to do additional more complex work if necessary (so it implies a cost-effective procedure, 
both for industry and regulatory agencies). The general principles of tiered approaches are (Boesten et 
al., 2007 and EFSA, 2010a):  
  lower tiers are more conservative than higher tiers, 
  higher tiers aim at being more realistic than lower tiers,  
  lower tiers usually require less effort than higher tiers, 
  in each tier all available relevant scientific information is used, 
  all tiers aim to assess the same protection goal. 
Note that the higher tiers should result in protective risk assessment decisions not in conflict with the 
specific protection goals set by the competent authorities. 
EFSA (2010) proposes to identify a reference tier, based on the most sophisticated experimental or 
modelling  risk  assessment  method  that  addresses  the  specific  protection  goal,  and  then  use  this 
reference tier to calibrate lower tiers using simpler methods that are practical for routine use. Upon 
revision of the scenarios a higher Tier, e.g. advanced spatial modelling (Tier 3b), is recommended as 
the reference tier. In the report this was not possible due to lack of suitable data. From the text in the 
Report it is clear that justification is required for going to a higher tier assessment, and results of this 
higher tier assessment have to be compared and set into context with the first tier. The PPR Panel 
recognises that, at the moment, one of the higher tiers cannot be used as the reference tier because the 
methods are not yet fully developed. EFSA (2013a) discusses the lack of a clear specific protection 
goal, which is required to fully develop a sophisticated reference tier.  
The following three sections (2.1-2.3) discuss specific items of Tier 2, Tier 3 and Tier 4, respectively. 
Generally speaking, the concepts of a tiered approach are broadly followed in the Report, but the 
consistency  within  and  between  the  various  tiers  have  not  been  tested  thoroughly  with  regard  to 
meeting the specific protection goal. It is therefore possible that assessments according to a higher tier 
may prove to be more conservative than an assessment at a lower tier.   
 
Figure 1: Proposed Generic Tiered Assessment Scheme for Ground Water (FOCUS 2009) FOCUS groundwater: Assessment of Higher Tiers 
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2.1.  Tier 2 
Tier 2 offers the possibility to use refined (substance) parameters in calculations with the predefined 
FOCUS leaching scenarios or to refine the scenarios using the (substance) parameters from Tier 1. 
2.1.1.  Tier 2a, substance parameter refinement 
Possibilities for refined substance parameters include: 
1.  Soil specific sorption and degradation 
2.  Photolytic degradation 
3.  Anaerobic degradation 
4.  Field degradation rates 
5.  Degradation kinetics not described by first order 
6.  Non-equilibrium sorption 
7.  Plant uptake 
8.  Volatilisation 
A number of the proposed refinements are already commonly used in current risk assessment, using 
guidance provided by FOCUS Degradation Kinetics (FOCUS, 2005) with regard to derivation and 
selection of degradation parameters. So, in part the Report just clarifies the assessment process. 
Refinement of sorption and degradation parameters is commonly accepted in risk assessment, if it is 
due to new data, demonstrated correlation with soil parameters and/or substance specific temperature 
and moisture dependencies. The PPR Panel agrees that this is in principle acceptable. However, as 
acknowledged in the EFSA scientific opinion on lower tiers (EFSA PPR Panel, 2013) the vulnerability 
of the FOCUS standard scenarios with respect to leaching is determined by the organic matter content 
and texture only. Thus, using soil properties other than organic matter and texture may significantly 
change the target vulnerability of the scenario. As stated in EFSA (2013a) it is recommended not to 
use scenario specific properties. Instead it is recommended to perform calculations for contrasting 
conditions. 
The  PPR  Panel  agrees  with  FOCUS  that  photolytic  processes  will  occur  only  in  the  top  few 
millimetres of the soil and that this process can be accounted for in the risk assessment. However, the 
extent to which this occurs may differ with location and climatic conditions shortly after application. 
The PPR Panel recommends using conservative approaches with regard to the substance parameters. 
Conditions governing the photolytic processes, for example radiation intensity, were not accounted for 
in the scenario selection for Tier 1. These conditions could be taken into account when deriving higher 
tier scenarios (Tier 2b and 3a) (see EFSA (2012a) and the forthcoming guidance for more details).  
In current risk assessments soil photolysis, if considered significant, is also accounted for by simply 
reducing the application dose. The PPR Panel agrees on this approach if photolytic degradation is 
relevant also under conditions of the proposed use and the correction of the dose applied is done 
conservatively.  A  future  EFSA  guidance  document  (EFSA,  2014)  will  provide  further  guidance. 
However,  leaching  of  soil  metabolites  known  to  be  formed  under  light  conditions  should  not  be 
forgotten  and  has  to  be  assessed.  The  PPR  Panel  does  not  agree  with  approaches  in  which  the 
degradation  rate  is  modified  for  the  top  soil  layer  to  account  for  both  microbial/chemical  and FOCUS groundwater: Assessment of Higher Tiers 
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photolytic degradation, as such an approach is not consistent with the information currently contained 
in the scenarios. 
Anaerobic transformation may occur dependent on local conditions. Because of the local character, the 
PPR Panel recommends that this refinement is not considered at the EU level. The Report states that it 
will not be necessary to account for anaerobic transformation in the overwhelming majority of cases, 
but that there may be experimental evidence to suggest the process is substantial, also for layers 
deeper than 1 m. The PPR Panel recommends that this information is assessed at the national level. 
The items 4 and 6 are not discussed here further. EFSA (2010c) gives remarks to and suggestions for 
improving  experiments  to  obtain  field  degradation  rates  as  well  as  the  interpretation  of  these 
experiments. Risk assessment guidance based on this Opinion is under development and scheduled for 
public consultation during 2013. The PPR Panel recommends taking the new EFSA guidance into 
account as soon as practicable.  
The issue of non-equilibrium sorption has been addressed in a dedicated project (Van Beinum et al., 
2010, Ter Horst et al., 2013). Evaluation of the proposed guidance resulting from this project (Beulke 
and Van Beinum, 2012) is foreseen in a separate PPR Panel opinion under a separate mandate of 
EFSA. 
The currently used models cannot handle apparent non first-order kinetics of degradation unless this 
can  be  attributed  to  non-equilibrium  sorption.  As  for  the  non-equilibrium  process  itself,  this 
phenomenon is not discussed in this Opinion as it will be addressed in a separate Opinion. 
In current risk assessment, passive plant uptake of PPP via plant roots is taken into account, but there 
is some discussion on the default value of the parameter (the transpiration stream concentration factor 
(TSCF) or the plant uptake factor (PUF)). The PPR Panel recognises that the plant uptake factor has 
indeed some effect on the calculated leaching concentration (Table 1). For example, based on results 
provided in Table 1, the leaching concentration is reduced by 24 – 43 % if the plant uptake factor is set 
to 1 instead of 0. In this respect the plant uptake factor can be a critical factor if calculated leaching is 
close to a trigger value. 
Table 1:   Impact  of  the  plant  uptake  factor  on  the  calculated  PECgw  (µg/L)  of  the  FOCUS  standard 
compounds A, D, C in maize and winter cereals (FOCUS standard application, 1 kg/ha) and in two FOCUS 
scenarios. Calculations were done with FOCUS PEARL 4.4.4. 
Crop  Plant 
uptake 
factor (-) 
Hamburg  Kremsmünster 
FOCUS 
Substance A
a 
FOCUS 
Substance D
b 
FOCUS 
Substance C
c 
FOCUS 
Substance A 
FOCUS 
Substance D 
FOCUS 
Substance C 
Maize  0  10.2  0.57  0.0004  6.7  0.32  < 0.0001 
0.5  7.6  0.43  0.0003  5.5  0.26  < 0.0001 
1  5.8  0.33  0.0002  4.5  0.21  < 0.0001 
Winter 
cereals 
0  15.0  2.81  0.0023  8.4  0.97  0.0003 
0.5  12.3  2.41  0.0020  6.7  0.81  0.0002 
1  10.2  2.11  0.0017  5.4  0.68  0.0002 
a DegT50 = 60 days, Kom = 60 L/kg 
b DegT50 = 20 days, Kom = 35 L/kg 
c DegT50 = 20 days, Kom = 100 L/kg FOCUS groundwater: Assessment of Higher Tiers 
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Based on FOCUS (2000 and 2009), a default factor of 0 for non-systemic and a default factor of 0.5 
for  systemic  substances  has  been  used  in  the  leaching  risk  assessment,  thus  assuming  that  the 
substance is not or only discriminatingly taken up with the water. Plant uptake has been demonstrated 
for a number of plant protection products and other chemicals in the past, but there is considerable 
uncertainty on the amounts and consequently on the uptake factors. Briggs et al. (1982) found a 
relation between plant uptake and the octanol water partition coefficient (Kow) and this relation has 
often been used since. The relation indicates that substances with intermediate log(Kow) (around 2) 
have  highest  plant  uptake  and  that  substances  with  lower  or  higher  Kow  are  taken  up  less.  The 
uncertainty in the Briggs relation is rather high because it was derived from experiments with small 
plants and, consequently, low water uptakes. Using pressure chambers and plants with shoots cut off, 
Dettenmaier (2008) found similar results for substances with intermediate to high log(Kow), but much 
higher values for substances with low log(Kow). A limited range of pesticides were included in these 
experiments  so  it  is  unclear  whether  the  Dettenmaier  relation  is  generally  more  adequate  for 
pesticides. Recent studies found much higher uptake factors that were more or less independent of 
Kow, by measuring changes in concentrations in the hydroponic system upon incubation (indirect 
measurement) rather than the amounts actually taken up. For many substances, these uptake factors 
approached  1.0  and  for  some  even  higher.  In  the  experimental  set-up  however,  the  plants  were 
transferred from pots (soil) to a hydroponic system with the soil particles rinsed off. This procedure 
may damage the plant roots, and therefore affect the uptake. The experimental set-up can be improved 
by raising the plants in hydroponic systems from the start, although at the moment this is not possible 
for some crops. Further information on the uptake could possibly be gained from the experiments by 
paying more attention to the amounts directly taken up and measured in leaves.  
The  PPR  Panel  agrees  that  plant  uptake  via  roots  should  be  taken  into  account  in  the  leaching 
assessment;  there  is  sufficient  evidence  that  the  process  takes  place.  However,  considering  the 
variability in substance parameters and crops, the PPR Panel is of the opinion that the default factor of 
0.5 for systemic substances is not conservative enough. Therefore, the PPR Panel recommends using 
an  approach  without  distinction  between  parent  substances  and  metabolites  as  well  as  between 
systemic and non-systemic substances (although the latter was not examined in detail). As a default, 
the value of 0 should be used as a first step for all substances. This value (zero) is recommended to be 
inserted  as  default  in  the  assessment  tools  as  well.  As  a  second  step,  the  Briggs‟  formula
5  is 
recommended, i.e. estimating the uptake factor using the Kow, to be used, which was proposed by 
FOCUS  (2000).  Further  refinement  of  the  uptake  factor  (that  is  TSCF  for  PEARL/MACRO  or 
equivalent for PELMO/PRZM) should be based on results on uptake experiments with appropriate and 
agreed set-up to be developed. 
The  available  information  e.g.  in  the  residue  section  of  the  Draft  Assessment  Reports,  on  the 
differences in uptake between crop types has not been systematically reviewed. By definition, in the 
first step described above, the plant uptake factor is independent of the crop as it is assumed that there 
is no uptake. Also in the second step uptake is taken to be independent of the crop, as the uptake factor 
is dependent only on the Kow, i.e. a substance property. It is recommended that further refinement is 
based on experiments with the crop(s) on which the  PPP is intended to be used. The PPR Panel 
recognises, however, that recommended experimental set-ups are not suitable for some crops. In such 
cases, the selected crop species for the experiments should be justified. With respect to current state-
of-the-art knowledge, it is recommended to limit the plant uptake factor to a maximum of 1.0.  
The Report gives two options to account for volatilisation: 1. adjustment of the degradation parameter 
in the first layer; and 2. switch on volatilisation routines. Sometimes a third option of subtracting the 
amount volatilised from the dose has been used. FOCUS (2006) underlines the significance of the 
volatilisation for substances with relatively high saturated vapour pressures. For example, more than 
10% of the applied dose may volatilise within 24 hours if the saturated vapour pressure is above 10
-3 
                                                       
5 TSCF = 0.78 exp{(-[log(Kow) - 1.78]
2 / 2.44 )} (Briggs et al. 1982) FOCUS groundwater: Assessment of Higher Tiers 
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Pa. The PPR Panel is of the opinion that the 3
rd option can be used if the correction of the dose is done 
conservatively, i.e. minimum values of the amount volatilised are assumed. The second option is fully 
consistent with the scenario approach and therefore the PPR Panel agrees with this option, although it 
is realised that the substance parameters were not taken into account when deriving the scenarios (see 
further  the  section  Recommendations).  In  the  first  option  one  parameter  has  to  account  for  two 
different processes, degradation and volatilisation, that are not related and therefore the PPR Panel is 
of the opinion that this option should not be used. 
2.1.2.  Tier 2b, scenario refinement  
The Report suggests that as an option to demonstrate the safe use of a pesticide, scenarios can be 
established that are more appropriate for the intended use of the pesticide. In principle, all scenario 
input parameters may be changed when considered appropriate. Substance parameters, like DegT50 
and Koc/Kom, however, should not be changed in this Tier, since change of substance parameters 
without changing scenario parameters is Tier 2a (changing both, substance and scenario parameter, is 
Tier 3a). 
According  to  the  Report,  scenario  parameters  that  may  be  changed  include  (all  based  on 
considerations regarding the use of the substance on a specific crop, a specific area or a combination): 
  Crop parameters 
-  More appropriate (accurate) growth stages as a function of time 
-  Crop rotation 
-  Other crops, i.e. crops not already given in the software packages 
  Soil parameters 
  Climate parameters 
-  Selecting a more appropriate weather file 
-  Applying a dedicated irrigation scheme 
  Combinations of crop, soil and climate 
-  Accounting for characteristic growth conditions 
-  Crops grown in greenhouses 
The PPR panel has no objections against using refined crop parameters or implementation of crop 
rotation within the standard FOCUS scenarios if these refinements are justified by experimental data 
or by the intended use of the PPP. However, the rooting depth should not exceed 1 meter in order to 
avoid conflicts with the other parameterisations of the scenarios. 
Beside the refinement of crop parameter, the Report gives a thorough description of procedures on 
how to derive new and more tailored scenarios in particular with respect to soil and climate conditions, 
together  with  examples.  Some  significant  improvements  to  these  procedures  are  given  by  EFSA 
(2012a). This procedure reflects all steps of the scenario selection. 
The  PPR  Panel  acknowledges  that  major  steps  forward  have  been  taken  in  the  development  of 
methodology for deriving scenarios, in this case leaching scenarios. Moreover, basic GIS data sets 
have become available and have also been made public at the EU level (JRC, 2010). However, the 
PPR  Panel  also  observes that the scenario selection  and,  consequently,  parameterisation,  involves FOCUS groundwater: Assessment of Higher Tiers 
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quite a number of (operational) decisions and this may, at least potentially, lead to disharmonisation. 
When introduced, the risk assessment procedure is becoming more complex (for both notifiers and 
risk assessors). The PPR Panel recommends that introduction of scenario refinement goes along with a 
thorough training programme and that basic tools at least for the scenario selection are made available 
and put under version control, supervised by the Commission or EFSA. These basic tools should limit 
the number of individual and ad hoc decisions. The PPR Panel also reminds that some serious flaws in 
available maps on soil characteristics (in particular the soil organic matter map, OCTOP) have been 
identified (EFSA, 2012) and that these would need consideration in order to derive accurate maps of 
leaching vulnerability. 
The  PPR  Panel  observes  that  it  is  not  specified  what  the  limits  of  the  scenario  refinement  are. 
According to the Report, it is intended that the procedure should identify at least one safe use in a 
large area. The PPR Panel therefore recommends that risk managers set spatial and temporal criteria 
such that it becomes clear to risk assessors when safe use is demonstrated. 
The decision scheme in the report was developed taking into account the general principles of tiered 
approaches as much as possible. However, no tests whether the basic principles of tiered approaches 
are met are presented in the report. It is therefore not fully guaranteed that lower leaching values are 
obtained  when  revised  or  newly  constructed  scenarios  are  used.  Therefore,  it  is  possible  that 
inconsistencies between tiers occur when more specific scenarios are derived. It is possible that more 
vulnerable scenarios are developed, giving rise to higher leaching concentrations than predicted in tier 
1. EFSA (2012a) describes possibilities to assure consistency between the various tiers of the scheme, 
for example by introducing assessment factors. As stated earlier (EFSA 2013a), a prerequisite is a 
clear definition of specific protection goals.  
The Report takes development of scenarios for crops grown in greenhouses as an example of scenario 
refinement, although Tier 1 scenarios are considered not necessarily representative of crops grown in 
greenhouses. The PPR Panel agrees with this deficit and notes that available databases (mentioned 
above) do not cover the conditions prevalent in greenhouses. So, appropriate methodology to derive 
specific scenarios for greenhouse crops is not readily available. Furthermore, risk assessment for crops 
grown under cover has been addressed in specific PPR Opinions (EFSA, 2010b, 2012b). Specific 
guidance is under development and expected to be ready in the near future (EFSA, 2013). The PPR 
Panel therefore recommends that the new guidance (EFSA, 2013) for assessing the applications of 
PPP to greenhouse crops should replace previous guidance of the Report. 
A major issue in the Report is the discussion on the value of the dispersion length. This parameter is to 
be considered a soil parameter. The previous EFSA Opinion (EFSA PPR Panel, 2013) on the Report 
states that the dispersion length used in the various scenarios should not be changed, i.e. the value of 5 
cm should be maintained. The PPR Panel however considers it fully acceptable to adjust the dispersion 
length  based  on  experimental  evidence  when  interpreting  individual  (field)  experiments,  but  the 
resulting  optimised  values  should  not  be  used  to  adapt  the  dispersion  length  in  the  scenario 
calculations. 
The Report also describes new parameterisations of two existing scenarios, Piacenza and Porto. These 
parameterisations have been reviewed earlier (EFSA 2013a). 
2.1.3.  Tier 2, conclusions 
Tier 2a offers a number of possibilities for parameter refinement, i.e. substance parameters may be 
refined based  upon (experimental)  evidence. This  Opinion  does  not discuss  parameter refinement 
based  on  field  dissipation  experiments  and  aged  sorption  studies.  Some  of  the  suggestions  for 
parameter  refinement  are  already  in  use  in  risk  assessment  and  the  PPR  Panel  agrees  on  these 
refinements. In contrast, the PPR Panel considers current practice with respect to plant uptake not 
conservative enough and recommends using a stepped procedure as outlined in section 2.1.1.  FOCUS groundwater: Assessment of Higher Tiers 
 
EFSA Journal 2013;11(6):3291  13 
Recently, both data and methods have become available to refine scenarios or create more tailored 
scenarios. Introducing these methods in the risk assessment in Tier 2b would make risk assessment 
more complex and could lead to disharmonisation. The PPR Panel does not recommend using Tier 2b 
without the establishment of a thorough training programme and with basic tools and guidance made 
available to limit the number of individual and ad hoc decisions on parameter setting. 
2.2.  Tier 3 
Tier 3 gives four possibilities to refine the assessment: 
3a.  Coupled substance parameter refinement and scenario refinement 
3b.  Development of a spatially distributed model 
3c.  Use  of  higher  tier  experiments  in  the  risk  assessment,  with  the  results  of  those 
 experiments put into context 
3d.  Alternative modelling approaches 
2.2.1.  Tier 3a, coupled substance parameter refinement and scenario refinement 
Tier 3a is a combination of the separate options of Tier 2. Observations made in Tier 2a and Tier 2b 
assessments are therefore equally valid for Tier 3a. The PPR Panel considers this option of tier 3 
technically feasible. The PPR Panel however wants to highlight again that introduction of tier 3a 
makes the risk assessment more complex and recommends the establishment of a thorough training 
programme  as  well  as  making  available  basic  tools  and  detailed  guidance  for  scenario  selection, 
thereby limiting the number of individual and ad hoc decisions. 
As in Tier 2b the PPR Panel notes that criteria are lacking on decision making. It is unclear when a 
safe use is demonstrated, e.g. in terms of acreage to which the pesticide is (potentially) applied. As in 
tier  2b,  calculations  with  the  newly  derived  scenario(s)  may  show  higher  leaching  potential  than 
calculations with the Tier 1 scenarios. 
2.2.2.  Tier 3b, spatially distributed modelling 
In  spatially  distributed  modelling  many  scenarios  are  used  for  calculations  and  the  decision  on 
authorisation is not taken on a representative scenario but on a given percentile of the results of all 
included scenarios. Spatially distributed modelling can be performed for the EU, for regulatory zones 
within the EU, for individual member states as well as regions within member states. The minimum 
size  of  the  area  that  is  or  may  be  covered  is  dependent  on  the  schematisation  which  in  turn  is 
dependent  on  the  detail  of  the  underlying  databases  concerning,  amongst  other  factors,  land  use, 
hydrological conditions, soils, crops and climatic conditions. As an example, a spatially distributed 
model, GeoPEARL, is operational as part (Tier 2) of the Dutch leaching assessment (Tiktak et al. 
2003). 
Apart from including more (spatial) information in the assessment, spatially distributed modelling may 
take parameter refinement on board and results can be specified for specific crops, areas or otherwise 
weighted when desired. In addition, soil dependent substance properties can be directly taken into 
account if such dependencies are demonstrated. 
With respect to substance parameter refinement, all observations and remarks concerning Tier 2a (and 
consequently Tier 3a) are applicable to this tier (Tier 3b) as well. For the spatial part, each of the 
individual scenarios within the spatial database has to be properly parameterised, manually or in a 
formalised (automatic) procedure. As in tier 2b, there are many possibilities for individual and ad hoc 
decisions. FOCUS groundwater: Assessment of Higher Tiers 
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The PPR Panel is of the opinion that spatially distributed modelling is a valuable tool in the tiered 
approach to groundwater leaching assessments, providing that possibilities for individual and/or ad 
hoc  decision  on  the  parameterisation  of  the  scenarios  are  limited  or  even  absent.  This  could  be 
realised, for example, by making spatially distributed models, including the underlying and necessary 
databases, available in the same way as currently done for Tier 1 assessment, i.e. models, including 
shells and databases are made available through EFSA and put under version control. It should be 
noted, however, that such a system is not yet available at the pan European level and that it would 
require quite some effort to establish such a system. In addition, it might be valuable to establish 
spatially  distributed  models  based  on  metamodels/derived  models,  in  analogy  to  the  approach 
suggested for soil persistence (EFSA 2012a). 
The PPR Panel also notes that spatially distributed modelling is more important on a national level, 
where the protection goal is likely to account for the entire crop area instead of a safe use area, as 
required  for  approvals  of  active  substances  of  PPPs  at  the  EU  level.  In  addition,  the  PPR  Panel 
considers that the establishment of a high quality spatial model at the national level, taking more 
accurate national soil maps and weather data into account, would be more straightforward.  
2.2.3.  Tier 3c, higher tier leaching experiments put into context 
Lysimeter studies have been put forward in the past as a means of studying the leaching of pesticides 
and their metabolites under more realistic conditions as compared to laboratory studies. In this respect 
the use of lysimeter studies have long been an integral part of the approval process at the EU level and 
more important at the national level in some member states. The Report addresses a number of aspects 
concerning such experiments, from „pre-processing‟ (experimental set-up, including soil selection) to 
„post-processing‟  (interpretation  of  the  results  and  deriving  output  useful  for  the  risk  assessment 
process). 
The pre-processing involves a number of steps intended to assure that results of the experiment will be 
adequate for use in risk assessment later on. The Report, however, states that pre-processing alone, 
and  consequently  use  of  the  results  in  the  risk  assessment  without  further  interpretation,  is  not 
acceptable.  The  PPR  Panel  agrees  with  this  statement.  Many  local  conditions  may  influence  the 
processes in the system, such that the results will be valid only for restricted conditions and have to be 
put  into  context  (e.g.  by  deriving  sorption  and  degradation  parameters  by  inverse  modelling)  to 
become more generally applicable. A protocol for executing lysimeter experiments has been agreed 
upon internationally (OECD, 2000) and is not discussed here. The Report addresses the duration of the 
experiment. The PPR Panel agrees with the Report that it is critical to examine the time over which the 
experiment has to be continued. Too short duration will render the experiment useless for use in the 
leaching risk assessment. 
A major issue in the Report is the interpretation of lysimeter experiments. An earlier EFSA Opinion 
on this subject (EFSA, 2007) stated that lysimeter studies could not readily be used in risk assessment 
because of boundary conditions that could not be handled at the time. The Report now proposes a 
stepwise inverse modelling procedure to derive useful endpoints from the experiments. Furthermore, 
the Report considers that these endpoints should have more weight in the assessment than lower tier 
endpoints. The PPR Panel agrees that information obtained in this way may receive more weight, but 
considers the weighing factor of three, as proposed in the Report, arbitrary. The PPR Panel cannot 
recommend a particular value and it should be decided case by case. 
The PPR Panel considers the development of the interpretation method (the stepped inverse modelling 
approach) a valuable step forward, although not all disadvantages of lysimeters can be solved by the 
interpretation method.  
If inverse modelling is applied to lysimeter and field leaching experiments there is a strong need for 
training programmes for users.  FOCUS groundwater: Assessment of Higher Tiers 
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The PPR Panel acknowledges that in lysimeter studies metabolites may become evident which were 
not  observed  in  the  laboratory  studies.  In  line  with  the  guidance  document  on  the  assessment  of 
relevance of metabolites in groundwater (European Commission, 2003) the PPR panel recommends to 
adequately address these metabolites. 
In contrast to lysimeter experiments field leaching studies may provide a better data collection for 
modelling when following the guidelines (e.g. USEPA, 2008, Lindhart et al., 2001). Field leaching 
studies  are  normally  situated  at  a  fully  operational  farmland  and  the  size  of  the  fields  being 
investigated should be from 1 up to 5 ha. This means that the problem of representativeness as for 
lysimeter is less. The PPR Panel is of the opinion that results from such field leaching studies may be 
taken into account for decision making at the EU level, if put into context e.g. by inverse modelling 
(similar to the lysimeter studies).  
2.2.4.  Tier 3d, other modelling approaches 
The tiered approach scheme in the Report mentions „other modelling approaches‟ as Tier 3d. In the 
Report,  these  other  modelling  approaches  (for  example  2D  and  3D  models,  coupled 
saturated/unsaturated models and statistical models) were considered not sufficiently developed for 
use in risk assessment procedures or that, due to lack of data, parameterisation for large areas is 
impossible. The PPR Panel agrees with the observation of the FOCUS WG. The PPR Panel also 
agrees with the observation that such approaches may be useful to elucidate local fate and transport 
processes and that knowledge may evolve such that a more broad use could be possible in the future. 
2.2.5.  Tier 3, conclusions 
Substance parameter refinement in combination with scenario refinement (Tier 3a) is feasible given 
the  recent  developments  in  both  methods  as  well  as  available  (spatial)  data.  However,  the  risk 
assessment will become more complex upon introduction of this procedure and both more guidance 
and centrally developed tools will be necessary to keep the procedures workable. 
Spatially distributed modelling (Tier 3b) is a promising and practical way of risk assessment if the 
system is set-up in a user friendly way and the number of individual and ad  hoc implementation 
decisions is limited. As an example, this type of assessment is used as a higher tier in the Netherlands, 
with input by the user limited to substance properties only. 
With regard to lysimeter studies (Tier 3c), the Report gives an interpretation  method which uses 
„front-end science‟ to elaborate the results and derive end-points. The Report expects that this could be 
done  for  field  leaching  experiments  as  well.  The  procedure  is  described  quite  clearly.  However, 
experience is necessary to perform the analyses or assess this. The PPR Panel agrees that information 
obtained in this way may receive more weight, but considers the weighing factor of three, as proposed 
in the Report, arbitrary. The PPR Panel cannot recommend a particular value and it should be decided 
case by case. 
The PPR Panel considers other modelling approaches (Tier 3d) insufficiently developed and does not 
recommend their introduction at this time. 
The PPR Panel considers that Tier 3a and Tier 3c are not at the same level as Tier 3b because of 
spatial aspects and the number of scenarios included in Tier 3b. This would imply that an additional 
level between Tier 2 and Tier 3 would be needed. 
2.3.  Tier 4, monitoring 
Tier  4  of  the  leaching  assessment  approach  uses  results  of  monitoring  studies  to  decide  on  the 
authorisation. Monitoring can be at shallow depth (up to a few meters below soil surface) as for 
example done in the Netherlands (for example Loch and Hoekstra, 1987). The Report classifies such 
shallow groundwater monitoring as a specific type of field experiment and does not regard these as 
monitoring studies. The PPR Panel however disagrees with this statement. Reason is that general FOCUS groundwater: Assessment of Higher Tiers 
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information on management (time of application, equipment, dose, growth stage, …) and soil and 
climatic  conditions  during  and  after  application  will  be  lacking.  Thus,  too  little  information  is 
available to consider this type of monitoring study a specific form of field studies. In general, it will be 
impossible  to  derive  information  from  such  studies  to  attain  the  same  level  of  information  and 
understanding as obtained from dedicated field and lysimeter studies.   
The Report gives limited guidance on performing monitoring of deeper groundwater. A number of 
quality criteria for accepting individual results in the monitoring database are given, mainly based on 
the approach taken in the Netherlands (Cornelese et al., 2003). The PPR Panel is of the opinion that 
the guidance and the quality criteria are too imprecise and will not render monitoring results of deeper 
groundwater that can be used to conclude „acceptable with regard to leaching‟ when earlier tiers 
indicate that a potential leaching problem exists, at the European level. The PPR Panel is further of the 
opinion that current knowledge on groundwater hydrology at the European level is insufficient to 
allow to distinguish between real negatives (the substance is not detected while it could have been 
there) and false negatives (the substance is not detected but it could not have reached the location 
anyhow at the time of sampling). Meeting any percentile or other statistical criterion based on absence 
of the substance in groundwater samples cannot be used to overrule decisions in earlier tiers that the 
leaching potential is too high. At the national level however sufficient knowledge on hydrology and 
where substances are applied might exist to conclude otherwise.  FOCUS groundwater: Assessment of Higher Tiers 
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3.  Other issues  
The remarks in this chapter apply to higher tiers as well as to the first Tier (EFSA PPR Panel, 2013). 
3.1.  Preferential flow 
Recently knowledge has become available to account for preferential flow in leaching assessments 
(Jarvis et al., 2009, Tiktak et al., 2012ab and Moeys, pers. com.). As an example, Figure 2, shows a 
classification of the (potential) occurrence of preferential flow in Europe in areas dominated by soils 
with downward flow (i.e. groundwater soils). This map presents the dominant preferential flow class 
of each soil map unit (SMU), with class 1 showing soils that are not susceptible to preferential flow 
and class 4 soils very susceptible to preferential flow. A slightly more detailed calculation of the 
percentage of European soils categorised into different preferential flow classes shows that 38% of the 
soils (whole soil profile) are potentially susceptible to preferential flow, i.e. in class 3 and class 4 
(Table 2). With the exception of one scenario (Châteaudun), with limited use, the current FOCUS 
groundwater assessment approach does not account for potential preferential flow through the soil. In 
view  of  this  the  PPR  Panel  recommends  reconsidering  the  impact  of  preferential  flow  on  the 
groundwater leaching assessment, taking into account new knowledge available to account for such 
processes, when updating the scenarios.  
 
Table 2:   Summary table presenting the distribution of each preferential flow class for different depths at the 
EU level in areas dominated by groundwater soils 
Preferential  Fraction of the surface (Europe) 
flow class  Topsoil  Subsoil  Whole soil profile   
1  7%  35%  29%   
2  74%  24%  33%   
3  18%  25%  26%   
4  *  15%  12%   
* Topsoil layers not possible to be classified as preferential flow class 4 according to the 
decision tree presented in Jarvis et al. (2009).  
 FOCUS groundwater: Assessment of Higher Tiers 
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Fig. 2:  Classification of European soil regarding susceptibility towards preferential flow, with class 1 showing 
soils that are not susceptible to preferential flow and class 4 soils very susceptible to preferential flow.  
 
3.2.  Conservation agriculture 
Conservation  agriculture  is  an  agricultural  (soil)  management  approach  aiming  at  improving  soil 
quality and preventing soil erosion, thereby contributing to sustainable agriculture. The approach is FOCUS groundwater: Assessment of Higher Tiers 
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part of one of the main challenges emphasised in the European HORIZON 2020 programme: Food 
security, sustainable agriculture, marine and maritime research and the bio-economy. Currently about 
20 million ha (18% of arable land) in the EU are managed according to conservation agriculture 
(elaboration from Eurostat, 2013), with large differences in adherence between the Member States. 
Several aspects of conservation agriculture may have strong effects on the leaching of pesticides to 
groundwater (e.g. minimum to zero tillage, enrichment of organic matter in the top soil layers and 
reduced  runoff).  The  PPR  Panel  recommends  taking  the  results  of  conservation  agriculture  into 
account, when leaching scenarios are refined or derived. 
 
3.3.  Changes in climatic conditions 
Current risk assessment uses historical databases of climatic conditions (temperature, precipitation, 
irradiation,  relative  humidity,  etc.)  to  estimate  the  leaching.  Several  studies  (Nolan,  2008)  have 
demonstrated  that  changes  in  climatic  conditions,  i.e.  changes  in  temperatures,  changes  in  rain 
intensities as well as in rain patterns) may have effects on estimated leaching amounts. The PPR Panel 
recommends updating the climatic databases on a regular basis and taking only data of the last couple 
of decades into account.  FOCUS groundwater: Assessment of Higher Tiers 
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CONCLUSIONS AND RECOMMENDATIONS 
CONCLUSIONS 
The EFSA mandate for this Opinion concerning the FOCUS (2009) groundwater scenarios report (the 
Report) requested whether: 
  The recommendations are consistent with the state of the art of science in this field for the tiered 
approaches and higher tier assessments. 
  The proposed procedures for including higher tier experimental results in the assessment procedure 
are scientifically robust and consistent with a tiered approach. 
  The report is presented in a way that facilitates communication of the methodology for exposure 
assessment of groundwater. 
The  Report  puts  current  risk  assessment  practices  into  a  scheme  of  a  tiered  approach.  Detailed 
conclusions on each Tier are given in chapter 2.  
The PPR Panel observes that the Report is consistent with the state of the art of science at that time. 
The proposed procedure is consistent with the principles of a tiered approach, but has not been tested 
in great detail. It is therefore possible that assessments according to a higher tier may prove to be more 
conservative than lower tiers.   
Since finalising the Report, spatial databases have become available which enable development of 
more specific scenarios and spatially distributed approaches. Introduction of refined scenarios and 
spatial  modelling  in  the  leaching  risk  assessment  may  in  fact  lead  to  disharmonisation  of  the 
assessment  because  a  large  number  of  implementation  decisions  have  to  be  taken.  A  centralised 
development of such approaches (supervised by or on behalf of the Commission or EFSA) would 
reduce variability and improve the acceptability of the results of the higher tier assessments. 
The PPR Panel is of the opinion that current knowledge on groundwater hydrology at the European 
level is insufficient as a basis for authorisation decisions. Tier 4 is therefore not recommended to 
demonstrate safe use at the EU level.   
RECOMMENDATIONS 
The PPR Panel recommends that: 
  Risk managers set spatial and temporal criteria such that it becomes clear to both notifiers and 
risk assessors when safe use is demonstrated. 
  Preferential flow is taken into account when updating the procedures. Recently knowledge and 
databases  have  become  available  to  take  account  of  preferential  flow  in  the  leaching 
assessment. Changes in agricultural management as well as changes in climatic conditions in 
course of time may affect the accuracy of leaching estimates. These changes should be taken 
into account when updating the procedures.  
  Establishment of spatially distributed models like the tools for Tier 1, in order to avoid ad hoc 
implementation decisions.  
   Assessing leaching of PPP after application to soil-bound greenhouse crops according to the 
specific guidance in preparation by EFSA (EFSA, 2013). 
   The proposed four tier scheme is revised to a five tier scheme as different aspects are not 
considered to be at the same level. When applying the higher tiers, i.e. Tier 2 and Tier 3, the FOCUS groundwater: Assessment of Higher Tiers 
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risk assessment becomes more complex. It is therefore recommended to establish training 
programmes  to  make  notifiers  as  well  as  risk  assessors  more  familiar  with the  proposed 
procedures. Furthermore, it will be helpful to provide more detailed guidance and examples 
as well as basic tools such that individual and ad hoc decisions are kept to a minimum. 
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GLOSSARY AND ABBREVIATIONS 
1D, 2D, 3D  One, two and three dimensional. In the context of PPP modelling: indication of the 
number of dimensions taken into account in the modelling process. 
DegT50  Degradation Time 50%, the time in which 50% of the substance disappears from the 
system, due to degradation processes only 
Conservative 
agriculture 
(CA) 
“a concept for resource-saving agricultural crop production that strives to achieve 
acceptable profits together with high and sustained production levels while 
concurrently conserving the environment” (FAO 2007). 
DT50  Dissipation Time 50%, the time in which 50% of the substance disappears from the 
system, due to all possible processes 
EC   European Community  
EEC   European Economic Community  
EFSA   European Food Safety Authority  
emission   technical term signifying the transfer of a substance over a boundary  
ERA   Environmental Risk Assessment  
EU   European Union  
FOCUS   Forum for the Co-ordination of pesticide fate models and their Use  
GIS  Geographical Information System 
GW  groundwater 
Koc  Organic carbon normalised sorption coefficient 
Kom  Organic matter normalised sorption coefficient 
Kow  Octanol water partition coefficient. Usually 
10log value is reported. 
MACRO  leaching model, specifically developed for addressing macroporous water flow in 
soils 
metabolite  In this Opinion: Substance formed out of an active substance in a PPP due to 
metabolic processes as well as chemical and physical processes, if applicable.  
MS  member state of the European community 
PEARL  Pesticide Emission At Regional and Local Scale. Model for calculating fate and 
behaviour of substances in soil 
PEC   Predicted Environmental Concentration  
PELMO  PEsticide Leaching MOdel. Model for calculating fate and behaviour of substances in 
the soil 
PPP   plant protection product  
PPR   Panel on Plant Protection Products and their Residues  
PRZM  Pesticide Root Zone Model. Model for calculating fate and behaviour of substances in 
the unsaturated zone of the soil 
PUF  Plant Uptake Factor 
RAC  Regulatory Acceptable Concentration 
TSCF  Transpiration Stream Concentration Factor 
WG   Working Group  
 